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Summary.  - -  The light pulses produced by the passage of individual 
~-particles through gases have been detected and analyzed by means of 
a suitable experimental technique. In Part I, the time shape of pulses 
obtained with argon of various purities is studied with respect to the 
mechanism of photon production. In Part II, we deal with the possi- 
bilities of the particle detectors based on the gas scintillation. A scin- 
tillation chamber filled with argon was found to be suitable for the spectral 
analysis of :c-particles, yielding a 13% resolution at ~ 5 MeV, for instance. 
The resolving time of this instrument is a very short one. 

I n t r o d u c t i o n .  

The luminescence caused by the passage of ~-particles through gases has 
been studied in m a n y  works with the method of measuring the integral inten- 
si ty of the light produced by a beam of particles (1). 

With  the progress of the photomultipl ier  technique the accuracy of such 
measurements  was improved (2). 

An interesting development  in these works, made possible by  the high 
sensit ivity of photo-multipliers, consists in the method of revealing the lumi- 
nescence produced by  individual ~-particles in the gas under consideration. 
This was done by  MUEHLHAUSE in 1953 (3) who utilized both  the visible and 
the  UV component  of the luminescence, by  ~overing the phototube surface 
with a proper wavelength shifter (stilbene or NaI).  

(1) R. AUDUBERT and S. LORMEAU: Compt. Rend., 228, 318 (1949). 
(2) A. GRi)N and E. SCtIOPPER: Zeits. ]. Natur]or., 6a, 698 (1951); A. WARD: Proc. 

Phys. Soe., 67a, 841 (1954). 
(3) C. )[UEHLHAUSE: Phys. Rev., 91, 495 (1953). 
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The aim of the present work is to describe and discuss the measurements  
made by  us in the case of argon of various purities. 

The first par t  concerns the s tudy of the s-pulse shapes with respect to the 
mechanism of photon  production, and the results are considered in connection 
with those obtained in previous researches on photons produced in argon 
excited by  Townsend avalanches. 

I n  the second par t  some possible applications of this method in the realiz- 
at ion of s-particle spectrometers are described and the possibilities of such 
inst ruments  in comparison with those of conventional types are discussed. 

Study of Light Emission. 

1 . -  The Scintillation Chamber. 

These measurements  have been made with a cylindrical scintillation chamber  
4 cm high and of 5 cm diameter (Fig. 1.). The walls are stainless steel and 

I I PHOTOTUSE 
OPTICAL CON T,4~ J" 

, ~ /  ,2~..,,,,~ / oas CmCULATION 
/POLONIUM SOURCE 

Fig .  1. - Scheme of  the  c h a m b e r  and geo- 
me t r i ca l  arrangement used for the measu- 

rements of the ~ scintillations in gases. 

J P.oToruBC 

screened with source can be 
magnet .  

are lined internally with copper 
sheeting cow~red with white enamel 
tha t  serves as light diffuser. 

The chamber is closed from 
above with glass. Vacuum and 
pressure are assured by  means 
of a flange with a polyethylene 
gasket. 

On the external face of the glass 
disc is placed the head of the pho- 
tomultiplier. 

On a support  at  the bo t tom of 
the chamber,  a thin layer of a few 
sq. mm which emits a 1000 s-par-  
ticles per minute, is deposited. This 

a small disc, driven from the outside by  a 

2 . -  Vacuum and Filling Apparatus. 

The chamber  is connected with an apparatus  which serves to evacuate  
the chamber  itself, to purify the argon and to prepare gas mixtures.  

This appaxatus is shown in Fig. 2. I t s  containers and conductors are 
made  of metal :  so are the valves, joints and gaskets. The use of grease and 
mastic is avoided. 

A silicone oil diffusion pump, connected in series with a rota t ing pump 
permits a vacuum of 10 -5 mmHg, which is measured by a Penning ionization 
gauge. The pressure of the gases introduced in the appara tus  is measured 
with a Bourdon manometer .  

The scintillation chamber is inserted in a circuit of conductors in which the 
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gas is made  to circulate. This circuit includes a furnace containing turnings 
of calcium and magnes ium alloy (90~o Ca - 10~/o Mg) which, if hea ted  to 
400-500 oC, allows the circulation and the purification of argon. 

~I HOT COLUMN 
FURNACE I I [IH TO THE PUMPS PHOTOTUBE 

Fig. 2. - Filling and mixing apparatus, with a purification circuit. 

I t  also includes a series of containers in which it is possible to enclose other 
gases t ha t  are to be mixed  with argon. 

When  it is needed to use a mix tu re  containing gas t ha t  can be adsorbed 
b y  the  furnace,  the  la t ter  is e l iminated f rom the circuit and  in such case the 
gas circulation is main ta ined  by  an electr ical ly-heated ver t ical  column inserted 
parallel  to the furnace.  Thus a rapid mixing of the in t roduced gases is obtained.  

3 . -  Conversion of UV Photons. 

When excited with ~-particles the gases s tudied by  us emi t  photons  t ha t  
are mos t ly  ul t raviolet .  To conver t  these photons  into l ight detectable  b y  
the  photomult ip l ier ,  sodium salicilate has been used, as a fluorescent sub- 
stance.  This salt, excited by  UV light, emits  fluorescent light in the blue re- 
gion of the spec t rum (4), to which the photomul t ip l ie r  used b y  us has a good 
relat ive sensit ivity.  The fluorescence q u a n t u m  yield is pract ical ly  constant  
for an excit ing wave length of 850 to 2500 ~ (5). Sodium salicilate has been 
�9 ~pplied as a m e t h y l  alcohol solution on the enamelled surface of the  light 
diffuser. 

By  evapora t ing  the solvent,  a layer,  a lmost  opaque,  was formed,  t ha t  s tuck 
Well to the surface. The internal  surface of the glass t ha t  closes the chamber  

(4) j .  DE MONT: Fluorochemistry (New York, 1945), p. 201. 
(5) E. INN: Spectrochim. Acta, 2, 2 (1955). 
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was coated with a similar technique b y  a ve ry  thin and  t r anspa ren t  l aye r  
of sodium salicilate. 

The layers described remain  unchanged  over  a long t ime  even in vacuum~ 
due to the  negligible vapou r  pressure of sodium salicilate. 

4. - Electrical  Devices  and Measuring Methods.  

The light emission produced b y  individual  a-part icles has been registered 
with  a photomul t ip l ie r  E.M.I.  6262. The electric pu]ses a t  the ou tpu t  of 
the photomul t ip l ie r  have  been studied with respect  to ampl i tude  and  dura-  
tion. Fo r  measur ing  the ampl i tude,  the pulses were sent to a convent ional  
amplif icat ion chain through a t ime constant  RC ~ ',)00 [zs which is much  
grea ter  t han  the  dura t ion  of a single pulse, t ha t  never  exceeded a few ~s. 

The corresponding vol tage pulses a t  the  ou tpu t  of the amplifier were mea-  
sured in Volt  by  means of an oscillograph Cossor, model  1035. 

The t ime deve lopment  of single pulses was studied lay using a fas ter  am-  
plification chain, consisting in a cathode follower and an amplifier model  600. 
The rise t ime of this chain was ~ 5 .10 -8 s and  the  t ime  constant  a t  the input  
could be  va r i a ted  f rom 1-10 -7 to 10 -~ s in order to obtain a suitable pulse 
resolution. 

The pulses a t  the ou tpu t  of the amplifiers have  been observed,  depending 
on their  durat ion,  b y  means  of an oscillograph with  synchroscope D u m o n t  
mod.  248, using sweep durat ions  of 5 and 25 ~s, or b y  means  of a fas te r  oscil- 
lograph,  using s w e e p  durat ions of 0.2, 0.6 and  2 ~s. 

A few pulses of each t ype  were registered photographical ly .  

5. - Experimental  Results  with Pure Argon.  

For  these measuremen t s  the appa ra tus  was filled with argon of a pu r i t y  
exceeding 99.9 ~o. 

Throughou t  a series of measurements  the argon was made  to circulate 
th rough  the  furnace described. I t  is known (6) t ha t  by  this me thod  the a rgon  
is purified of mos t  of foreign gases and  is kep t  f rom con tamina t ion  with  organic 
vapours ,  so t ha t  i t  reaches a point  where the fract ion of molecular  impur i t ies  
is some 10 -4 or less. 

The pressures used were of 80-100 cram. 
Under  these conditions, pulses of a-part icles were observed and  measured  

t ha t  were much  higher t han  the dark  pulses of the photomult ipl ier ,  wi th  good 
reproducibi l i ty .  

B y  compar ing  the pulses of individual  a-part icles wi th  dark  pulses due to  
single electrons f rom the photocathode ,  the former  were es t imated  as due to  
abou t  25 photoelectrons each. 

The rise t ime  of pulses observed with the oscillograph was found to be  
abou t  1.5.10-7 s a t  the indicated pressure.  

(6) L. COLLI and U. FACCHINI: Phys. Rev., 88, 987 (1952). 
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The s tudy of the pulse durat ion was carried out with various pressures 
between 50 and 100 cmH:. I t  was found tha t  for this range the decay t ime 
of pulses was constant  within experimental  errors. The value thus obtained 
was 2 .5--3  ~s (Fig. 3). 

Fig. 3. - The decay of an ~ pulse in pure argon, 80 em~,  showing a decay time of 
3 ~s (time markers: 1 ~s each). 

6 . -  Discussion of Results.  

The order of magni tude found for the pulse durat ion suggests the hypo-  
thesis tha t  the photon emission implies the decay of a nletastable level, b y  
the same type  of process which accounts for the emission of UV photons in 
pure argon excited with electron avalanche. This phenomenon was studied 
extensively by L. COLLI (7), who suggest the following mechanism to explain 
the emission: the metastable level 3p~ produces by three-body collisions 
the formation of an excited argon molecule A* according to 

n(3p~)  A- A(l~0)  _~_ A(l~0)  ___> A2* -~ A( l~o)  , 

A three-body collision accounts for the conservation of momen tum and  
energy. 

An UV photon is emit ted in the transit ion from the excited molecular 

(7) L. COLLI: Phys. Rev., 95, 892 (1954). 
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s t a t e  of argon to the fundamen ta l  s ta te:  

A* ~ n(1So) -~- A(~So) -~- h r .  

The emission in tens i ty  I versus t ime was exper imenta l ly  found well re- 
presented  by  the formula  

were, under  the considered scheme, ~A is the t ime cons tant  for the fo rmat ion  
of the molecules A* and rM is the l ifetime of the  molecular  state.  

The exper imenta l  observat ions  of this process de te rmined  t h a t :  

1 
z A .~ 10p2 s , (p: pressure in mmm) , 

a n d  
~ ~- 3.5 izs . 

We note  t h a t  in our case, too, the  decay t ime oi' pho ton  emission is in- 
.dependent of the  pressure,  and  t h a t  our results are in good quan t i t a t ive  
~greement  with the measurements  repor ted  above.  

This enhances the hypothesis  t ha t  in pure argon exci ted with high energy 
~-partieles,  the  photon  emission is, a t  least  for the  mos t  par t ,  due to a process 
of the  same na ture  as tha t  observed in the case of exci ta t ion produced by  
electron avalanche.  

7. - Measurements with Mixtures of Argon and ~ s ,  02, COs. 

I t  was expec ted  t ha t  small  amoun t s  of molecules of foreign gases in ar- 
gon, would produce quenching collisions on the exci~ed argon a toms or mo- 
lecules, which would result  in a reduct ion of the in tensi ty  and  of the  dura t ion  
of the  l ight emi t t ed  by  argon. 

The energies of exci ted argon a toms  and molecules m a y  in some cases be 
s tored b y  the  foreign molecules during the quenching collisions, and  be pa r t ly  
emi t t ed  as photons  of different energies. 

These hypotheses  account,  qual i ta t ively,  for the results obta ined  in the 
following measu remen t s  with mix tures  of pure  argon with Ns, 02, CO2: 

The concentra t ions  of ~N2, 05, CO2 were de te rmined  by  pressure measu-  
rements .  Due to the little accuracy  of this method,  r~he percentages  shown in 
Table  I,  left  column, are to be considered as informat ive .  The to ta l  pressure 
of the  gas was 80-90 cmdr. 

I n  Table  I ,  left side, are given the  pulse ampl i tudes  and their  relat ive 
values wi th  respect  to the ampl i tudes  obta ined  with :pure argon. At  the  r ight  
side are indicated the pulse rise t imes and decay times. 

Wi th  percentages  f rom 0.5 to 2.5~o of ~2, a progressive reduct ion bo th  
in the  ampl i tudes  and  in the rise and  decay t imes was observed.  Fo r  instance,  
b y  in t roducing 0.5~o of Ns in pure A, the pulse ampl i tudes  diminished b y  
about  50% and the decay t ime became ~ 0.5 ~s (Fig. 4). The addi t ion of a 
few ten thousand ths  of O., and COs produced effects of the same type .  
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TABLE I. -- Ampl i t udes  and durat ions o] light pulses measured with  the sodium salicilate 
U V  converter. 

P U L S E  A M P L I T U D E S  P U L S E  D U R A T I O N S  

P h o t o t u b e  EMI 6262 

Supply  vol tage 1070 Volt  Rise t ime  of electric circuit  
Ampl i f ica t ion  gain ~ 470 ~ 5. l0 -s s 
Time cons t an t  R C  ~ 200 ~s 

Gas Pulse  ampli-  Rela t ive  Rise t ime  Decay  t ime  Time  co n s t an t  
compos i t ion  tude  Volt  I amp l i t ude  T r. 10 -6 s va" 10-6 s R C .  10 -6 s 

A (99.99%) 0.I5 2.5 3 1; 0.2 

A §  
[N~] % 

0.5 
1 
2 

A §  
[o,,] % 

0.05 
0.15 
0.4 

A § C02 
[COs] % 

0.03 
0.07 
0.15 

A - f - N 2 +  02 
[N21% [02]% 

2 0.25 
2 0.75 

A + Ns § 02 
[N~]% [0s]% 

2 0.05 
2 0.15 

50 100 

25 50 
17 35 
15 30 

17 35 
12 25 

7 15 

15 30 
10 20 

7 15 
l 

10 20 
5 10 I 

10 20 

8 15 

0.15 
0.1 
0.07 

0.05 
! 0.05 
I 0.05 I 

I 

0.05 
0.05 

0.5 
0.25 
0.15 

0.1 
0.1 
0.1 

0.1 
0.1 

0.05 0.1 
0.05 r 0.1 

0.05 
0.05 

0.1 
0.1 

1; 0.2 
0.2; 0.1 

0.1 

0.1 
0.1 
0.1 

0.1 
0.1 

0.1 
0.1 

0.1 
0.1 

A more  accura te  s tudy  of this effect was not  possible because in mos t  
cases the  rise and  decay of the  pulses under  observa t ion  seemed l imited b y  
the  rise t ime  and t ime cons tant  of the  electronic circuit, i.e. 5 .10  Ts and 10 -7 s 
respect ively .  

Mixtures of three components  were s tudied:  the  addi t ion of a few thous- 
and ths  of O5 or ~ few ten thousand ths  of COs to a mix tu re  of As -? 2% ~2 
reduced  crit ically the emission intensi ty.  

93 - Il Nuovo Cimento. 
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Fig. 4. - Shapes of a pulses in (A + 0.5% N2), 80 cm~g. Rise t ime ~ 0.15 ~s; decay 
t ime ~ 0.5 Bs (differentiating t ime constant  0.2 ~s). 

8. -Components of Light Pulses in Visible Spectrum. 

Success ive  m e a s u r e m e n t s  were  ca r r i ed  ou t  to  s t u d y  t h e  emis s ion  of t h e  
p h o t o n s  in  t h e  v i s ib le  s p e c t r u m  w i t h  v a r i o u s  m i x t u r e s  of t h e  sume  gases .  F o r  
t h i s  p u r p o s e  t h e  s o d i u m  su l ic i la te  c o n v e r t e r  was  r e m o v e d .  

The  r e su l t s  o f  t h e  m e u s u r e m e n t s  a re  t h e  fo l lowing :  no v i s ib le  l i gh t  was  
d e t e c t e d  w i t h  pur i f i ed  A,  w i t h  A c o n t a i n i n g  O5 f r o m  0.5 ~oo to  2.5 ~oo or  CO2 
f r o m  0.02 ~oo to  0.7 ~oo. 

On t h e  o t h e r  h a n d  a v i s ib l e  l i gh t  c o m p o n e n t  was  d e t e c t e d  in  m i x t u r e s  of  
A c o n t a i n i n g  5T 2 f rom 0 . 3 5 %  to  2 % .  T h e  pu l se  a m p l i t u d e s  o b t a i n e d  in  t h e s e  
cases  a re  shown in t h e  fo l lowing  t a b l e :  

TABLE I I .  Amplitudes o] light pulses i~t the visible spectrum. 

Phototube EMI 6262 - Voltage supply 1 070 V-Amplification gain ~ 470 - RC ~ 200 Bs. 

A + N 2 mixtures Visible light pulse 
[N~] % ampli tude Volt 

0.35 
0.7 
1.2 
2 

~ 5  
~ 7  
~ 8  
~ 4  
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Sc int i l la t ion  C h a m b e r  as a S p e c t r o m e t e r .  

I n  this pa r t  the construct ion and  the ad ju s tmen t  of a scinti l lation chamber ,  
sui table for use as a spect rometer ,  is described. 

The main  characteris t ics  of this ins t rument ,  namely ,  the ampl i tudes  and 
durat ions of single a-pulses and  the stat is t ical  dis t r ibut ion of the ampl i tudes  
of pulses obta ined  with monoenerget ic  a-particles,  were studied. 

An ins t rumen t  of this k ind has recent ly  been bui l t  b y  G. BOICOt:RT and 
J .  BROLLEY (8). TO conver t  UV scinti l lation in noble gases they  used a poly- 
s tyrene  film containing 5 %  of t e t r apheny l -bu tad iene  applied direct ly on the  
photomult ipl ier ,  following a me thod  suggested b y  EGGLER and  HUDDLESTON (9). 
Some results obta ined by  t hem with spectroscopical  grade  k r y p t o n  are similar 
to those described here:  a 20% resolution on the  ~34U ~ peak,  for instance.  
Wi th  argon, however,  t hey  obta ined  much  lower pulse ampli tudes .  

I n  our exper iments  we have  used t a n k  argon of 99.9~o pur i ty  wi thout  
fu r the r  purification, for the purpose of invest igat ing the possibilities of the  
ins t rumen t  in more  simple operat ions.  

9. - Exper imenta l  Apparatus .  

Fig. 5 shows the sys tem used to evacua te  and  outgas the  scinti l lat ion 
chamber .  

lvlonorneter 

IonTzoNon 5ouge ~-~ " [ --  ' 

Fig. 5. - Vacuum system for the operation of the scintillation chamber. 

(s) G. BOICOURT and J. BROLLEY jr.: Rev. Scient. ILlust., 25, 1218 (1954); see also 
UCRL-4536. 

(9) C. EGGLER and C. HUDDLESTON: Phys. t~ev., 96, 100 (1954). 
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This chamber  (Fig. 6) is cylindrical,  5 cm wide, and  3.5 cm, te rminat ing  
in a cone. 

I t  is closed b y  a glass disc b y  means of a flange with a po lye thy lene  gasket .  
I t s  walls are of silvered brass.  

The chamber  is p rovided  with  a cock a t  the  bo t t om,  so t h a t  i t  m a y  be 
closed off and  r emoved  f rom the rest  
of the system. 

The ~-partiele source is placed on 
a stainless steel disc of 5 m m  diame- 
ter,  a t t ached  to one end of the cock 
t h a t  is inserted in the lower pa r t  of the 
chamber .  

The a source used is polonium. 
The internal  surface and geomet ry  

of the chamber  were s tudied with 
view to uni formi ty  and  be t t e r  collec- 
t ion of the light. For  this purpose a 
different co~,ting technique f rom t h a t  
described in Sect. 3 was usefully em- 
ployed. 

Fig. 6. - A view of the scintillation An opaque and  ve ry  white coating 
chamber: the sodium salicilate coating and was ob ta ined  b y  spraying ~ sa tu ra ted  
the ~ source at the bottom can be seen. solution of sodium salicilate in me thy l  

alcohol on the  chamber  walls t h a t  had 
been hea t ed  to over  t00  oC. This sodium salicilate layer  was used bo th  as 
an UV conver ter  and a light diffuser. 

The l ight  pulses produced in the  chamber  by  ,z-particles were analyzed 
b y  a photomult ipl ier ,  t ype  D u m o n t  6292, the  pho toea thode  of which was 
placed in optical  contac t  with the chamber  window. 

The ampl i tude  and  dura t ion  of the  pulses at  the  ou tpu t  of the photo- 
mul t ip l ier  were measured  by  means  of the  electric appa ra tu s  and  methods  
described in Sect. 1. Spect ra  of the ampl i tudes  of the pulses, t ha t  were sui tably  
shaped b y  a reflexion line, were obta ined  b y  means  of a 99-channel pulse 
analyzer .  

lO.  - M e a s u r e m e n t  R e s u l t s .  

Pre l imina ry  results  indicated t h a t  the  spread of the  a-pulse ampl i tudes  de- 
pended  on the  pressure of the  filling argon. I t  should be  no ted  t h a t  such 
spreading is pa r t l y  due to a geometr ical  effect on the  collection of l ight b y  the 
UV conver ter ,  t h a t  happens  because the  a- t racks ,  along which the  UV photons  
are emi t ted ,  are not  col l imated.  This effect can be reduced b y  confining the  
a-par t ic le  pa ths  within a lit t le space a round the  source, using a high gas pres- 
sure. On the  o ther  hand  it  was observed tha t ,  in our conditions, the  increase 
in the  pressure caused an  appreciable  reduct ion in the  m e a n  ampl i tude  of the  
pulses. This effect can p robab ly  be  a t t r ibu ted  to the increased quenching of 
the  exci ted argon molecules b y  impuri t ies .  

This results in a reduct ion of the mean  n u m b e r  of the  photoelect rons  emi t t ed  
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b y  the  pho toca thode  per  each s-part icle ,  i.e. in a worse s tat is t ical  dis t r ibut ion 
of the  pulse ampl i tudes  of the  ou tpu t  of the photomul t ip l ier .  

I n  our conditions, the  convenient  pressures were found to be 150-200 cmdr. 
A spec t rum of pulse ampl i tudes  obta ined  in the  above  described manne r  

is shown in Fig. 7. The dis t r ibut ion has a symmet r i ca l  shape, and  its full 
width  a t  half m a x i m u m  is ~ 13%. 

500 

4O0 

..~ 3OO 

Q: 
200 

m 

100 

CHANNELS 
~ o  io 20 3o 40 
O 5  10 20 

/ 
3O 40 

PULSE AMPLITUDE V 

Fig. 7. - Pulse spectrum of ~-p~rticles from a thin Polonium source 
(pulse cut off at 2 ~s). 

I n  this case an es t imate  was made  of the  n u m b e r  of photoelect rons  l iberated 
a t  the  ca thode  of the p h o t o t u b e  during each scintil lation: under  the  assumpt ion  
t h a t  the  stat is t ical  values of this n u m b e r  follow a Poisson distr ibution,  the  
re la t ive  s t andard  devia t ion  of the  pulses a t  the end of the  mult ipl ier ,  measured  
b y  us, implies t h a t  the  average  value is more  t han  ~--300. 

A n u m b e r  of the  same order  has been found  b y  compar ing  the  co-pulses 
with the  dark  pulses produced  b y  single electrons f rom the  cathode.  

This permi ts  the assumpt ion  t h a t  above  neglected causes for spread, such 
as geometr ical  effects on the l ight  collection, are less effective t h a n  the  pure ly  
s tat is t ical  deviat ion.  

I n  this case too, i t  was interest ing to examine  the  shape  of the  individual  
pulses. The rise of the  pulses appea red  l imited b y  the rise t ime  of the  elec- 
t ronic  chain of ~-, 5-10 -8 s. 

The dura t ion  of pulses were of some 10 -7 s, much  shor ter  t han  those of 
some ~s observed with highly purified argon, as described in Sect. 4. 

11. - Testing Other U V  Converters. 

We have  exper imented  with  the  same mate r ia l  used b y  Bo~co-~RT and  coll. 
as UV conver ter :  a t r anspa ren t  film of po lys tyrene  with  5 % of t e t raphenyl -  
bu tad iene  was applied to the  silvered walls of our scinti l lation chamber .  
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Measurements  with this conver ter  gave  results t h a t  are not  ve ry  different 
f rom those obta ined with  the sodium salicilate converter ,  though  the pulse 
ampl i tude  obta ined  was abou t  half. 

I t  was observed tha t  soon af ter  the chamber  had  been filled, the  pulses 
decreased appreciably .  

This m a y  indicate t ha t  such converters  con tamina te  the  argon (8). 

12. - Possibi l i t ies  of  the Scint i l lat ion Chamber. 

12"1. Constancy o/ operation. - The measuremen t s  ob ta ined  with the scin- 
t i l lat ion chamber  having  a conver ter  of sodium saiicilate were not  a lways 
exac t ly  reproducible  in var ious fillings, p robab ly  because of uncontrol lable  
quant i t ies  of impuri t ies  contained in the filling argon. However ,  once the 
chamber  was filled its responsive characteris t ics  remained  cons tan t  for m a n y  
days.  

I n  par t icular ,  pulse spectra  obta ined  over  a period of a few days  were in 
excellent  agreement .  

12"2. Counting rate. - The principle on which the  gaseous scintil lation 
counter  is based and the sufficiently high statist ics in the  genera t ion of each 
pulse m a k e  it  permissible to suppose t ha t  this ins t rument  furnishes a count ing 
ra te  approaching  100% (9), a t  least  a t  not- too-low energies. 

12"3. Energy  and time resolution. - I n  order to compare  this in s t rumen t  
wi th  those of current  use, i t  m a y  be observed t h a t  the  scinti l lation chamber  
permi t s  an energy resolut ion qual i ta t ive ly  comparab le  wi th  t ha t  of crysta l  
spec t rometers  (lo), while it cannot  compete  with the ionizat ion chamber  when 
a refined analysis is required. 

On the  other  hand  the resolving t ime of the scinti l lat ion chambe r  is ex- 
pec ted  to be considerably shorter  with respect  to the ionizat ion chamber  and  
to inorganic scintil lators [ZnS, N a I  (T1) etc.] owing to the  fact  t h a t  the pulses 
of the  fo rmer  i n s t rumen t  have  a rise t ime  not  more  t han  some 10 -s s, versus 
some 10 -~ s of the ionizat ion chamber  and  ZnS, and  some 10 -7 s of the NaI(T1). 

We  can conclude t h a t  the scintil lation chamber  m a y  be used, wi th  simple 
and  easy  technique,  as a counter  and  as a spec t rometer  for  a-part ic les  (or, in 
a like manner ,  for o ther  heavy  particles).  The characteris t ics  of its response 
m a y  offer advan tages  in some types  of work, par t icular ly  where a good t ime 
resolut ion is required. 

We  are ve ry  indebted  to prof. G. BOLLA for his interest  and  to prof.  U. FAC- 
CmNI for his useful suggestions and  st imulat ions.  

Thanks  are due to Dr.  B. DE MICHELIS for his help in some measurements .  

(lo) A definitely better resolution can be obtained with some kind of crystals cooled 
at low temperature (liquid nitrogen) though this requires careful technique and less 
simple operation: see B. HAHN: Helv. Phys. Acta, 26, 27l (1953). 



L I G H T  P U L S E S  E X C I T E D  BY a - P A R T I C L E S  IN ARGON ETC. 1455 

R I A S S U N T O  

Si descr ivono  m e t o d i  pe r  r ive la re  ed ana l i zza re  gli impul s i  di  luce p r o d o t t i  dal  
passaggio  di singole par t ice l le  ~ nei gas. Nel la  P a r t e  I si s t u d i a  l ' a n d a m e n t o  t e m p o r a l e  
di  impuls i  o t t e n u t i  con  a rgon  di var ie  purezze  ed i r i su l t a t i  si m e t t o n o  in re laz ione 
con  il meccan i smo  di p roduz ione  dei fo toni .  Nel la  P a r t e  I I ,  si t r a t t a  de l l 'u t i l izzazione  
di ques t i  impuls i  pe r  la rea l izzazione di s t r u m e n t i  r i ve l a to r i  di particeLle a. Si descr ive  
u n a  c a m e r a  a scintf l lazione f u n z i o n a n t e  con argon,  che consen te  l ' ana l i s i  spe t t r a l e  di 
par t i ce l le  ~ con u n a  r isoluzione che ~ de l l ' o rd ine  del 13% a ~ 5 MeV, ed offre un  
t e m p o  r i so lu t ivo  p a r t i c o l a r m e n t e  breve .  


